Justification for the use of the Ellman assay 1 . The Ellman assay is a photometric method that measures AChE activity by following the change in the intensity of the yellow color of 5-thio-2nitrobenzoic acid produced by the reaction of 5,5'-dithiobis-2-nitrobenzoate (DTNB) with thiocholine. The latter is the hydrolysis product of the AChE substrate acetylthiocholine (ATCh). As a sulfhydryl agent like N-ethylmaleimide (NEM), DTNB can, under certain conditions, react with Cys286 of agAP-AChE and inhibit the enzyme to the extent that the Ellman assay no longer applies. Our liquid chromatography mass spectrometry study has confirmed that maleimides such as NEM do react with thiocholine and 5-thio-2-nitrobenzoic acid (see below). These reactions can therefore cause, under certain conditions, false enzyme inhibition or overestimation of enzyme inhibition by PMn and PYn that contain maleimides.
Liquid chromatography mass spectrometric detection of reaction products of NEM with thiocholine and 5-thio-2-nitrobenzoic acid. A solution of 100 mM thiocholine was prepared by hydrolyzing ATCh with 1 M NaOH for 10 minutes and pH was adjusted to 8.0 with 6 M HCl. A solution of 10 mM 5-thio-2-nitrobenzoic acid was produced by reacting 1 equivalent of 100 mM thiocholine with 9 equivalent of 11.1 mM DTNB in 50 mM phosphate buffer (pH 8.0). To 10 µL of 100 mM N-ethylmaleimide in dimethyl sulfoxide was added 100 µL of 10 mM thiocholine solution or 100 µL of 10 mM 5-thio-2-nitrobenzoic acid solution. The resulting solution was incubated for 10 min at room temperature before product detection using a 1525 binary HPLC apparatus connected to Micromass ZQ 2000 mass spectrometer from Waters. For 5-((1-ethyl-2,5-dioxopyrrolidin-3-yl)thio)-2nitrobenzoic acid, which is the product of the reaction of NEM with DTNB, the calculated m/z for [M+H] + is 325.05 (100%) and the observed m/z is 325.34 (100%). For 2-((1-ethyl-2,5-dioxopyrrolidin-3yl)thio)-N,N,N-trimethylethanaminium, which is the product of the reaction of NEM with thiocholine, the calculated m/z for M + is 245.13 (100%) and the observed m/z is 245.38 (100%).
Prediction of the agAP-AChE•PM20 conformation that leads to conjugation. The atomic charges of PM20 were obtained according to the RESP procedure 2 with an ab initio calculation at the HF/6-31G*//HF/6-31G* level using the Gaussian98 program 3 . The ag-AP-AChE conformer was taken from the coordinate file with Protein Data Bank ID of 2AZG 4 and refined with acetylcholine bound in the active site using 1,000 10-ns molecular dynamics simulations (each with unique initial velocities and a 1.0-fs time step, vide infra) 5 . The agAP-AChE•PM20 complex was generated by manually docking PM20 into the agAP-AChE active site that was devoid of acetylcholine. The pyridinium moiety of PM20 was placed atop the indole ring of Trp84, while purposely leaving the maleimide group away from Cys286 as PM20 was in its extended conformation. Torsions of PM20 were adjusted to lessen the clashes of PM20 with the active-site residues. The manual-dockinggenerated complex was then refined by a two-step energy minimization using the frcmod.ff99SB force field 6 .
Step 1 used (1) a positional constraint applied to agAP-AChE (IBELLY = 1), (2) 100 cycles of steepest-descent minimization followed by 400 cycles of conjugate-gradient minimization, and (3) a dielectric constant of 1.0. Step 2 used (1) no positional constraint (IBELLY = 0), (2) 10 cycles of steepest-descent minimization followed by 490 cycles of conjugate-gradient minimization, and (3) a dielectric constant of 1.0. The energy minimization was performed by using the SANDER module of the AMBER 5 program (University of California, San Francisco). The topology and coordinate file of the complex were prepared using the PREP, LINK, EDIT, and PARM modules of the AMBER 5 program. In the energy-minimized complex, the closest distances of the pyridinium carbon atom and the maleimide-alkene carbon atom to the indole nitrogen atom of Trp84 and the sulfur atom of Cys286 were 4.5 and 12.5 Å, respectively.
The energy-minimized complex was solvated by using EDIT with 14,684 TIP3P water molecules 7 , leading to a system of 52,443 atoms. The water molecules were obtained from solvating the complex using a pre-equilibrated box of TIP3P molecules, whose hydrogen atom charge was set to 0.4170, where any water molecule was removed if it had an oxygen atom closer than 2.2 Å to any solute atom or a hydrogen atom closer than 2.0 Å to any solute atom, or if it was located further than 8.2 Å along the x-, y-, or z-axis from any solute atom. Using the frcmod.ff99SB force field 6 , the solvated system was energy-minimized for 100 cycles of steepest-descent minimization followed by 100 cycles of conjugate-gradient minimization to remove close van der Waals contacts in the system, then heated from 0 to 300 K at a rate of 10 K/ps under constant temperature and volume, and finally simulated independently with unique seed numbers for initial velocities of 100 different simulations at 300 K under constant temperature and pressure using the PMEMD module of the AMBER 11 program (University of California, San Francisco). All simulations used (1) a dielectric constant of 1.0, (2) the Berendsen coupling algorithm 8 , (3) a periodic boundary condition at a constant temperature of 300 K and a constant pressure of 1 atm with isotropic molecule-based scaling, (4) the Particle Mesh Ewald method to calculate long-range electrostatic interactions 9 , (5) a time step of 1.0 fs, (6) the SHAKE-bond-length constraints applied to all the bonds involving the H atom, (7) saving the image closest to the middle of the "primary box" to the restart and trajectory files, (8) For each of the 1,000 simulations of agAP-AChE•acetylcholine, 100 instantaneous conformers were saved at 10-ps intervals during the last 1-ns period. An energy-minimized average conformer of 100,000 such conformers from the 1,000 simulations was used in the afore-described manual docking. For each of the 100 simulations of agAP-AChE•PM20, 100 instantaneous conformers were saved at 10-ps intervals during the last 1-ns period. A total of 10,000 such conformers from the 100 simulations were subjected to a cluster analysis using the averagelinkage algorithm (epsilon = 1.5 Å) 10 implemented in the PTRAJ module of the AmberTools package Version 1.5 (University of California, San Francisco). This analysis identified 95 unique conformers of the agAP-AChE•PM20 complex. Of the 95 conformers, five conformers had the C-S distance (from the sulfur atom of Cys286 to the maleimide alkene carbon atom) decreased from 12.5 Å before the simulation to <4.0 Å after the simulation. Of the five conformers with the maleimide group close to Cys286, four conformers had PM20 with its pyridinium group interacting with Trp84. The agAP-AChE•PM20 conformation shown in Figure 2 is one of the four conformers in which PM20 adopted more or less the same bound conformation.
